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(54) Optical fiber laser device 

(57) There is proposed an optical fiber laser device 
which can also precisely perform a frequency control or 
the like in relation to a vertical mode of a resonator. A 
long piece of laser fiber 2a which has been wound mul- 
tiple times is embedded with clearance and fixed in a 
transparent ultraviolet hardening resin 1a formed in a 



rectangular parallelepiped. Both end portions of the 
laser fiber are exposed to the outside. The laser fiber 2a 
is provided with a clad 6a on a periphery of a core 5a. 
Inside the core 5a, 0.5at% of Nd 3 * ion is doped. 
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Description 

BACKGROUND OF THE INVENTION 

Field pfths Invention s 

The present invention relates to an optical fiber 
laser device provided with a laser active substance 
inside an optical fiber for receiving an activating light 
from outside and performing a laser oscillation. w 

Description of the Relied Art 

In a field of optical communication or optical 
processing technique, development of an inexpensive is 
laser device with a higher output is requested. It is here- 
tofore known that an optical fiber laser device has a high 
possibility for satisfying such request. 

In the optical fiber laser device, by appropriately 
selecting a core diameter, a difference in refractive 20 
index between a core and a clad and the like, an oscil- 
lating mode can be relatively easily made single. Also, 
by confining light at a high density, interaction of a laser 
active substance and light can be enhanced. Further, by 
lengthening the device, a long interacting length can be 2s 
obtained. Therefore, a spatially high quality of laser 
beams can be generated at a high efficiency. Conse- 
quently, a high quality of laser beams can be obtained 
relatively inexpensively. 

Here, to realize a higher output or higher efficiency 30 
of laser beams, an activating light needs to be efficiently 
introduced to a laser active ion doping region (usually, a 
core portion) in an optical fiber. However, when the core 
diameter is set in accordance with wave guide condi- 
tions of a single mode, the core diameter is restricted to 3s 
about dozen of microns or less of the laser active ion 
doping region (usually, the core portion). It is usually dif- 
ficult to efficiently introduce the activating light to such a 
small diameter. To overcome this problem, for example, 
a so-called double clad type of a fiber laser is proposed. 40 

Fig. 5 is an explanatory view of the double clad type 
of the fiber laser. As shown in the figure, in the double 
clad type of the fiber laser, on an outer periphery of a 
clad portion 16 provided is a second clad portion 17 
which is constituted of a transparent substance having a 45 
refractive index much lower than that of the clad portion 
16. By total reflection resulting from a difference in 
refractive index between the second clad portion 1 7 and 
the clad portion 16, an activating light 13 introduced 
from an end face is enclosed in the clad portion 16 and so 
a core portion 15. When the enclosed activating light 
repeatedly passes the doping region of a laser active 
ion (usually, a core portion 14), the activating light is 
gradually absorbed by the laser active ion. Thereby, a 
laser beam with a high output can be obtained (refer- 55 
ence document; E. Snitzer, H. Po. Fhakimi, R. Tum- 
minelli. and B.C. Medium, in Optical Fiber Sensors 
Vol.2 of 1988 OSA Technical Digest Series (Optical 



Society of America, Washington, D.C.. 1988), paper 
PD5.). 

In the double clad type of the fiber laser, an inlet 
port of the activating light can be enlarged as much as 
dozens to thousands of microns. Therefore, the activat- 
ing light can be easily introduced to the fber. Also, a 
region where laser oscillation takes place can be 
restricted to dozens of to several microns. Therefore, a 
light with a laser oscillating wavelength can be advanta- 
geously propagated in a single mode, and a highly 
dense light can be enclosed. 

However, the optical fiber laser usually has an dis- 
advantage that a laser oscillating condition is largely 
varied by an influence of disturbances, for example, 
oscillation, pressure, sound and the like. This is 
because in the optical fiber, a laser amplifying medium 
itself is inseparably formed integrally with a laser reso- 
nator itself. Further, a medium has a very large asbes- 
tos ratio. The optical fiber is given flexibility, but lacks 
mechanical strength. Therefore, the influence of distur- 
bances is much enlarged. The positive use of the influ- 
ence is advantageous in a fiber sensor and the like. 
Conversely, this is largely disadvantageous for a usual 
solid laser device. For example, in the optical fiber laser, 
a transverse mode can be considerably strictly control- 
led because of clear boundary conditions given by fiber 
transmission. However, a frequency control or the like 
relating to a vertical mode of a resonator is difficult. In 
this respect, it should be said that the optical fiber laser 
is close to a laser using liquid as a medium, rather than 
to a solid laser. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide an optical 
fber laser device which can also precisely perform a 
frequency control or the like in relation to a vertical 
mode of a resonator. 

To attain this and other objects, the invention pro- 
vides an optical fiber laser device provided with a laser 
active substance inside an optical fiber for receiving an 
activating light from outside and performing a laser 
oscillation. The optical fber is partially or entirely cov- 
ered and fixed by a hardening substance. 

In the optical fber laser device, the optical fber is 
remarkably longer as compared with each distance on 
three-dimensional coordinate axes representing a mag- 
nitude of a region in which the optical fiber is contained. 
In the region, the optical fiber is repeatedly folded and 
wound to be disposed therein. The region is filled with- 
out clearance with the hardening substance. 

Also in the optical fiber laser device, the hardening 
substance is a hardening organic resin, a glass, a hard- 
ening inorganic medium, or a metal. 

Further in the optical fiber laser device, the harden- 
ing substance is a transparent substance which has a 
refractive index value equal to or less than a refractive 
index value of a substance constituting a clad portion of 
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the optical f ber. 

The invention also provides an optical fiber laser 
device provided with a laser active substance inside an 
optical fiber for receiving an activating light from outside 
and performing a laser oscillation. The optical fiber is 
remarkably longer as compared with each distance on 
three-dimensional coordinate axes representing a mag- 
nitude of a region in which the optical fiber is contained. 
In the region, the optical fiber is repeatedly folded and 
wound to be disposed therein. 

The optical fiber is integrally formed and fixed in 
such a manner that adjacent portions of the repeatedly 
folded and wound optical fiber partially or entirely 
adhere close to one another to a degree to which an 
interlace between a core and a clad is not disturbed. 

In the optical fiber laser device, the optical fiber has 
a clad with a rectangular cross section. 

Also in the optical fiber laser device, the optical fiber 
is a double clad type of an optical fiber in which further 
on an outer periphery of the clad, a second clad is 
formed. 

BRIEF DESCRI PTION OF THE DRAWINGS 

Fig. 1 is a diagrammatic representation of a consti- 
tution of an optical fber laser device according to a first 
embodiment of the present invention. 

Fig. 2 is a diagrammatic representation of a consti- 
tution of an optical fiber laser device according to a sec- 
ond embodiment. 

Fig. 3 is a diagrammatic representation of a consti- 
tution of an optical fber laser device according to a third 
embodiment. 

Fig. 4 is a diagrammatic representation of a consti- 
tution of an optical fiber laser device according to a 
fourth embodiment. 

Rg. 5 is a diagrammatic representation of a consti- 
tution of a prior-art double clad type of an optical f iber 
laser device. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT? 

FIRST EMBODIMENT 

Fig. 1 is a view showing a constitution of an optical 
fiber laser device according to a first embodiment of the 
invention. 

In Fig. 1, in the optical fiber laser device, a long 
piece of laser fiber 2a which has been wound multiple 
times is embedded and fixed without any clearance in 
an ultraviolet hardening resin 1a formed in a rectangular 
parallelepiped of 5cmx5cmx2cm. Only both end por- 
tions of the laser fiber are exposed to the outside. 

The laser fiber 2a is provided with a core 5a having 
a diameter of 10jim and a clad 6a having a diameter of 
50>m, and is basically constituted of one piece of quartz 
system glass fiber having a number of openings of 0.1 



and a length of about 50m. Inside the core 5a, 0.5at% of 
Nd 3 * ion is doped. 

Also, on one end face Fi of the laser fiber 2a formed 
is a diffraction grating which has, relative to a light trans- 
5 mitted from the inside of the core, a reflectivity of 100% 
of light with a wavelength of 1 .06jtm and a reflectivity of 
100% of light with a wavelength of 0.8*im. On the other 
end face Fo applied is a multi-layered film reflective coat 
which has a reflectivity of 99.0% of light with a wave- 
to length of 1 .06\ur\ and a reflectivity of 99.9% of light with 
a wavelength of 0.8jxm. 

The optical fiber laser device is manufactured by 
placing in a metallic housing of a rectangular parallele- 
piped with 5cmx5cmx2cm, one 50m long continuous 
is piece of laser fiber 2a which has been wound multiple 
times and compacted, in such a manner that the fiber 
does not break. Then, an ultraviolet hardening resin is 
poured into the housing without any clearance left 
therein. After the resin completely hardens, the housing 
20 is removed. 

It could be confirmed that when from one end face 
Fi of the optica! fiber laser device a semiconductor laser 
beam 3 with a wavelength of about 0.8p,m and a maxi- 
mum output of 10W was radiated as an activating light, 
25 from the other end face Fo, a laser oscillating output 
light 4 with a wavelength of 1 .06\xm and an output of 4W 
was emitted. 

SECOND EMBODIMENT 

30 

Rg. 2 is a view showing a constitution of a second 
embodiment of the invention. The second embodiment 
is different from the first embodiment in that instead of 
the laser fiber 2a of the first embodiment, a double clad 

35 type of laser fiber 2b is used, and instead of the ultravi- 
olet hardening resin 1a, a metal zinc 1b is used for fixing 
the double clad type of laser fiber 2b. 

The double clad type of laser fiber 2b is a quartz 
system glass fber provided with a core 5b having a 

40 diameter of 10fim and a clad 6b having a diameter of 
500jim. A diameter of a second clad 7 formed on an 
outer periphery of the clad 6b is 700jim. A difference in 
refractive index between the core 5b an the clad 6b is 
1%, while a difference in refractive index between the 

45 clad 6b and the second clad 7 is 5%. These core and 
dads have a circular cross section. Inside the core 5b, 
0.5at% of Nd 3 * ion is doped. 

Also, on one end face R of the double clad type of 
laser fber 2b formed is a diffraction grating which has, 

so relative to a light transmitted from the inside of the core, 
a reflectivity of 100% of light with a wavelength of 
1.06jim and a reflectivity of 100% of light with a wave- 
length of 0.8iim. On the other end face Fo applied is a 
multi-layered film reflective coat which has a reflectivity 

55 of 99.0% of light with a wavelength of 1 .06jim and a 
reflectivity of 99.9% of light with a wavelength of 0.8jim. 

The optical fiber laser device is manufactured by 
placing in a metallic housing of a rectangular parallele- 
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piped wtth 30cmx30cmx15cm, one 100m long piece of 
the double clad type of laser fiber 2b which has been 
wound multiple times and compacted, in such a manner 
that the fiber does not break. Then, an molten liquid of 
metal zinc is poured into the housing without any clear- 
ance left therein. After the metal zinc completely hard- 
ens, the housing is removed. 

It could be confirmed that when from one end face 
Fi of the optical fiber laser device a semiconductor laser 
beam with a wavelength of about 0.8fim and a maxi- 
mum output of 10W was radiated as an activating light, 
from the other end face Fo, a laser oscillating light with 
a wavelength of 1 .06jim and an output of 2 W was emit- 
ted. 

THIRD EMBODIMENT 

Fig. 3 is a view showing a constitution of an optical 
fiber laser device according to a third embodiment of the 
invention. 

In Fig. 3, in the optical fiber laser device, a long 
piece of laser fiber 2c which has been wound multiple 
times is contained in a double cylindrical housing 8 with 
an inner diameter of 10cm, an outer diameter of 14cm 
and a height of 20cm. In the double cylindrical housing, 
an ultraviolet hardening resin 1c is embedded without 
clearance and fixed. Only both end portions of the laser 
fiber 2c are exposed to the outside. 

The laser fiber 2c is provided with a clad 6c having 
a rectangular cross section of 100x700|im and a core 
5c having a diameter of lOpm, and is basically consti- 
tuted of a quartz system glass fiber. A difference 
between a refractive index of the core 5c and a refrac- 
tive index of the clad 6c is 1%. Inside the core 5c, 
0.5at% of Nd 3 * ion is doped. 

Also, on one end face Fi of the laser fiber 2c formed 
is a diffraction grating which has, relative to a light trans- 
mitted from the inside of the core, a reflectivity of 100% 
of light with a wavelength of 1 .06pm and a reflectivity of 
100% of light with a wavelength of 0.8|im. On the other 
end face Fo applied is a multi-layered film reflective coat 
which has a reflectivity of 99.0% of light with a wave- 
length of 1 .06jim and a reflectivity of 99.9% of light with 
a wavelength of 0.8|im. 

It could be confirmed that when from one end face 
Fi of the optical fiber laser device a semiconductor laser 
beam with a wavelength of about 0.8^m and a maxi- 
mum output of 10W was radiated as an activating light, 
from the other end face Fo, a laser oscillating output 
light with a wavelength of 1 .06jim and an output of 3W 
was emitted. 

When the clad has a rectangular cross section as in 
the third embodiment, following advantages are pro- 
vided, different from the dad with a circular cross sec- 
tion. 

Specifically, in case of the circular cross section, in 
a propagation mode, an absorptive saturation occurs in 
which only a mode bonded with a central core is 



absorbed and taken. It is, therefore, difficult to obtain a 
large laser output Such absorptive saturation does not 
arise in the first clad with the rectangular cross section. 
In the fiber having the clad cross section which does not 
5 cause the absorptive saturation, an effective absorption 
coefficient at which an incident activating light is 
absorbed in the core while being propagated in the clad 
is aeff=a*Acore/Aclad. Here, a is an absorption 
coefficient of the core portion, and Acore and Aclad are 
w cross-sectional areas of the core portion and the first 
clad portion, respectively. Therefore, when in accord- 
ance with the length of the f ber laser wound inside, the 
cross-sectional area of the first clad is controlled, then in 
a clad activating system, a preferable activating inten- 
ts sity can be supplied over all the regions with the fiber 
laser. Further, a transverse mode of laser oscillation is 
controlled by fiber transmission, but, additionally, when 
the fiber end faces exposed to the outside are coated, 
then a monolithic resonator is constituted although the 
20 resonator has a length of several tens of meters or 
more. A control in a stabilized vertical mode can be 
achieved. 

FOURTH EMBODIMENT 

25 

Fig. 4 is a view showing a constitution of an optical 
f ber laser device according to a fourth embodiment of 
the invention. 

In Fig. 4, in the optical fiber laser device, a long 

30 piece of laser fiber 2d which has been wound multiple 
times is embedded without clearance and fixed in a 
metal aluminum 1d formed in a rectangular parallelepi- 
ped of 50cmx10cmx50cm. Only both end portions of 
the laser fiber are exposed to the outside. 

35 The laser fiber 2d is a double clad type of laser 
f ber, and is provided with a clad 6d having a rectangular 
cross section of 100x500fun. On an outer periphery of 
the clad 6d, a second clad 7d with a diameter of 700p,m 
is formed. A diameter of a core 5d is 1 0jun. A basic con- 

40 stitution is a quartz system double clad type of glass 
f ber in which a difference between a refractive index of 
the clad 6b and a refractive index of the second clad 7d 
is 1%. Inside the core 5d, 0.5at% of Nd 3+ ion is doped. 
Also, on one end face Fi of the laser fiber 2d formed 

45 is a diffraction grating which has, relative to a light trans- 
mitted from the inside of the core, a reflectivity of 100% 
of light with a wavelength of 1 .06jim and a reflectivity of 
1 00% of light with a wavelength of 0.8pm On the other 
end face Fo applied is a multi-layered film reflective coat 

so which has a reflectivity of 99.0% of light with a wave- 
length of 1 .06jim and a reflectivity of 99.9% of light with 
a wavelength of 0.8jim. 

It could be confirmed that when from one end face 
Fi of the optical fiber laser device a semiconductor laser 

55 beam with a wavelength of about 0.8pm and a maxi- 
mum output of 10W was radiated as an activating light, 
from the other end face Fo, a laser oscillating output 
light with a wavelength of 1 .06^m and an output of 2.5W 
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was emitted. 

As aforementioned, in the embodiments, as the 
hardening substance, ultraviolet hardening resin, metal 
zinc and metal aluminum are used. Alternatively, as the 
hardening substance available is, for example, thermal s 
hardening resin or another organic resin; quartz system 
glass prepared in a sol-gel method; cement, gypsum or 
another hardening inorganic medium; or indium, cop- 
per, duralmin, or another metal or its alloy. 

Also in the embodiments, the laser fiber is fixed by 10 
the hardening substance. Alternatively, without using 
the hardening substance, the laser fiber is integrally 
formed and fixed in such a manner that adjoining laser 
fiber portions are partially or entirely adhered close to 
one another to a degree to which an interface between is 
the core and the clad is not disturbed. Specifically, for 
example, a glass constituting the optical fiber is heated 
to a glass deformation temperature (however, the 
heated glass has a viscosity to a degree to which the 
interface between the core and the clad is not dis- 20 
turbed). A clearance between the respective fiber por- 
tions is evacuated with a pressure being applied 
thereto. The entire laser fiber is fused and formed inte- 
grally. 

As aforementioned, the invention provides the opti- 25 
cal f toer laser device provided with the laser active sub- 
stance inside the optical fiber for receiving an activating 
light from outside and performing a laser oscillation. The 
optical fiber is partially or entirely covered and fixed by 
the hardening substance. Alternatively, the laser fiber is 30 
integrally formed and fixed in such a manner that adjoin- 
ing portions of the repeatedly folded or wound laser 
fiber are partially or entirely adhered close to one 
another to the degree to which the interface between 
the core and the clad is not disturbed. Therefore, the 35 
optical fiber laser device can also precisely perform a 
frequency control or the like in relation to the vertical 
mode of the resonator. 

Claims 40 

1 . An optical fiber laser device for receiving an activat- 
ing light from outside and performing a laser oscilla- 
tion, the device comprising: (i) an optical ffoer for 
containing a laser active substance therein; and (ii) 45 
a hardening substance for partially or entirely cov- 
ering and fixing said optical fiber. 

2. The optical fiber laser device according to claim 1 , 
wherein said optical fiber is remarkably longer as so 
compared with each distance on three-dimensional 
coordinate axes representing a magnitude of a 
region in which said optical f ber is contained, and 

in said region, repeatedly folded and wound to be 
disposed therein, and said region is filled without 55 
clearance with said hardening substance. 



wherein said hardening substance is a material 
selected from the group consisting of a hardening 
organic resin, a glass, a hardening inorganic 
medium and a metal. 

4. The optical fiber laser device according to claim 2, 
wherein said hardening substance is a transparent 
material having a refractive index value equal to or 
less than that of a substance constituting a clad 
portion of said optical fiber. 

5. The optical fiber laser device according to claim 1 , 
wherein said optical fiber has a clad having a rec- 
tangular cross section. 

6. The optical fiber laser device according to claim 1 , 
wherein said optical fiber is a double clad type opti- 
cal fiber in which a second dad is formed further on 
an outer periphery of the clad. 

7. An optical fiber laser device for receiving an activat- 
ing light from outside and performing a laser oscilla- 
tion, the device comprising: (i) an optical fiber for 
containing a laser active substance therein; said 
optical f toer being remarkably longer as compared 
with each distance on three-dimensional coordinate 
axes representing a magnitude of a region in which 
said optical fiber is contained, and in said region, 
being repeatedly folded and wound to be disposed 
therein; (ii) a fixing means for integrally forming and 
fixing said optical fiber in such a manner that adja- 
cent portions of said repeatedly folded and wound 
optical fiber partially or entirely adhere dose to one 
another to a degree to which an interface between 
a core and a clad is not disturbed. 

8. The optical fiber laser device according to claim 7, 
wherein said optical fiber has a clad having a rec- 
tangular cross section. 

9. The optical fiber laser device according to claim 7, 
wherein said optical fiber is a double dad type opti- 
cal fiber in which a second clad is formed further on 
an outer periphery of the clad. 



3. 



The optical fiber laser device according to claim 1 , 
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(54) Optical fiber laser device 

(57) There is proposed an optical fiber laser device 
which can also precisely perform a frequency control or 
the like in relation to a vertical mode of a resonator. A 
long piece of laser fiber 2a which has been wound mul- 
tiple times is embedded with clearance and fixed in a 
transparent ultraviolet hardening resin 1a formed in a 



rectangular parallelepiped. Both end portions of the 
laser fiber are exposed to the outside. The laser fiber 2a 
is provided with a clad 6a on a periphery of a core 5a. 
Inside the core 5a, 0.5at% of Nd 3 * ion is doped. 
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